ARffrFIACq " Records of 2,449 births and 2,120 weanings of terminal-cross calves were used to characterize maternal productivity of first-and second-generation cows from a diallel of Angus, Brahman, Hereford, Holstein and Jersey when mated to third-breed sires. Thirdand later-parity cows were randomly assigned after each parturition to Charolais and Red Poll bulls in multiple-sire pastures. Calves were weaned at approximately 7 mo of age; males were not castrated. A mixed model was assumed for data analysis. Effects included in the model were breed-type of dam, cow within breed-type of dam (random), breed of sire of calf, season of record, year of record, age of dam group, sex of calf and age of calf (covariate). Age of dam groups were 4-and 5-yr-olds, 6-and 7-yr-olds, 8-, 9-and 10-yrolds, and those >10 yr of age. Dependent variables were calf weight, shoulder width and hip width at birth, weaning weight, weaning height and survival to weaning. Holstein and Holstein crosses tended to produce the largest calves at birth and weaning. Among straightbred dams, the smallest calves were born to Brahman, whereas Hereford weaned the smallest calves. Brahman-Jersey dams produced the smallest calves at birth among crossbreds; Angus-Hereford cows weaned the smallest calves. Average maternal heterosis estimates for birth weight were small and non-significant. Calves of F 1 crossbred dams were 17.4 kg heavier (P < .01) and 1.70 cm taller (P < .01) at weaning than calves of firstgeneration straightbred dams. Estimates of F 2 maternal heterosis were negligible for birth and weaning characters studied.
Introduction
Crossbreeding is a widely accepted method of improving beef production efficiency. Structured as well as less organized crossing systems have been and are being used in the beef industry. Estimates of the performance of available breeds and crosses, especially under varying environmental conditions, are needed in designing breeding programs.
Maternal heterosis estimates have been reported for several economically important characters (Koch et al., 1985; McElhenney et al., 1986; Dearborn et al., 1987) . However, there is a lack of information available concerning the amount of maternal heterosis retained in later generations of crossing.
The present study contains records of straightbred, F1 and F2 cows mated to terminal sires. The specific objectives were 1) to characterize birth and weaning characters of terminal-cross calves born to mature cows of five breeds and their F 1 and F 2 crosses (reciprocals pooled) and 2) to estimate maternal heterosis and maternal heterosis retained for these characters.
Materials and Methods
Data were from a project conducted at the Texas A&M University Agricultural Research Center at McGregor. The project included two generations of inter se matings involving Angus, Brahman, Hereford, Holstein, Jersey and the crosses (reciprocals pooled). Information on sampling procedures and early management of the foundation animals was given by Long et al. (1979) . Reproduction of cows and preweaning performance of calves during the first generation of this study were presented by McElhenney et al. (1985 McElhenney et al. ( , 1986 .
Management procedures and data collected were as similar as possible for the two generations. Cows were managed so that they had an opportunity to conceive whenever they were physiologically capable in order to obtain information on postpartum and calving intervals that was not biased by artificial restraints (e.g., limited breeding seasons).
Females were maintained on pasture in three herds. To avoid confounding of breedtype with herd, breed-types were distributed across herds. Herds were rotated frequently between pastures. Pastures consisted primarily of TAM wintergreen hardinggrass, kleingrass 75, johnsongrass, oats and wheat, which were grazed at various times during a year. When necessary, to reduce effects of nutritional deficiencies on reproduction due to forage seasonality, females were fed hay and supplemented with a salt-limiting diet, consisting of 20% salt, 69% sorghum, 6% vitamin and mineral supplement and 5% urea.
Cows entered this study upon completion of three or four parturitions from inter se matings. First-generation females that returned to estrus before terminal sire breeds were obtained produced a fourth inter se calf. Cows completing the inter se phase were assigned randomly to be mated by natural service to Charolais and Red Poll bulls. Reassignment of service sire breeds occurred after each calving. Red Poll bulls were obtained from the U.S. Meat Animal Research Center (USMARC), Clay Center, Nebraska; Charolais bulls were obtained from private breeders in Texas and USMARC. Charolais and Red Poll breeds were chosen to represent extremes in mature size and because neither breed was represented in the genetic background of the cows. Bulls in the breeding herds were replaced at 2-mo intervals with bulls of the same breed.
Satisfactory rating of bulls for seminal characteristics was required prior to placement with the herd.
Breeding and calving took place year round due to differences in birth date, age at puberty and conception and calving intervals (Stewart et al., 1980; McElhenney et al., 1985) . Cows falling to calve within 24 mo of their previous parturition (or not pregnant at 18 mo following calving) and palpated open were culled. Cows were also culled for severe physical unsoundness when necessary.
Approximately 1 mo prior to calving, cows were moved to a calving pasture and checked twice daily. Within 24 h of birth, calf weight, calf shoulder width and calf hip width were recorded. One month after calving, cows were returned to the breeding pastures. Calves were weaned at about 7 mo of age and males were not castrated. Calf weight and height and date at weaning were recorded.
Records of twin calves were excluded from these analyses. In addition, records of cows of questionable or incorrect mating, or cows whose calves resulted from questionable or incorrect matings, were excluded. After editing, there were 2,449 birth records of terminalcross calves born from 1978 to 1986 and 2,120 weaning records (Table 1) .
Data were analyzed using a general purpose least squares and maximum likelihood program (Harvey, 1985) . The following mixed model was assumed in the analysis of calf birth weight, shoulder and hip width and survival to weaning: A n = fixed effect of the n th age of dam group, R o = fixed effect of the o th year, eijklmno = random error associated with the ijklmno th record; e's assumed NID (0,a2e).
A linear model was used in the analysis of survival to weaning (a discrete variable) due to the greater flexibility afforded by linear models (Harvey, 1982) . In addition, the number of observations (n) times the probability of survival (u) and n x (l-u) for each subclass were generally >_5, as suggested by Li (1957) , when using linear models in the analysis of discrete data. In analyses of weaning weight and height, age of calf was included as a covariate. Two factor interactions included in preliminary analyses were not important (P > .2) and were excluded from final analyses.
Females in this study were classified into 30 breed groups; first-and second-generation straightbreds were considered distinct. Firstgeneration females were early-weaned; secondgeneration females were weaned at approximately 7 mo of age. Early weaning in generation 1 was intended to reduce reciprocal differences; preliminary analyses indicated that reciprocal effects were non-significant and reciprocals were pooled. As a consequence of weaning treatment, generation differences were confounded with differences in weaning treatments. Separation of straightbreds by generation allows comparisons of straightbred cows with crossbred cows produced in the same generation. Seasons were based on calendar 43  39  27  26  13  12  10  9  98  85  56  53  32  23  10  8  16  12  6  5  46  42  30  29  40  32  23  20  62  50  31  26  41  31  26  21  39  35  17  17  10  8  9  8  36  32  19  19  93  84  35  33  126  103  47  42  56  47  26  24   1,722  IA60  727  660   58  48  20  18  22  19  13  11  126  104  44  40  36  27  19  16  11  7  0  0  58  54  22  21  41  36  15  14  90  76  34  30  42  35  17  15  79  69  31  27  71  62  20  18  54  47  27  26  93  84  30  28  153  130  43  39  37  27  20  17 Birth Weaning Birth Weaning seasons. Season and year effects correspond to those at the time the record was collected. Cows were classified into age of dam groups as follows: 1) 4-and 5-yr-olds, 2) 6-and 7-yrolds, 3) 8-, 9-, and 10-yr-olds, and 4) those greater than 10 yr of age. These age of dam groupings were based on preliminary analyses and reduced the numbers of subclasses for interactions with age of dam, which was necessary due to limitations on the number of subclasses which could be fitted (Harvey, 1985) . Linear contrasts were used to estimate specific and average F1 and F2 maternal heterosis based on the dominance hypothesis. Dickerson (1969) has shown the difference between the performance of progeny out of F 1 and straightbred dams mated to third-breed sires estimates maternal heterosis, in the absence of recombination effects. In an analogous manner, F2 maternal heterosis was estimated as the difference between progeny performance of F2 and contemporary straightbred dams mated to sires of a third breed.
Results and Discussion

Birth Characters
Random effect of cow within breed-type of dam was significant for the birth characters studied. Charolais-sired calves were 3.6 kg heavier (P < .01) at birth, .89 cm wider (P < .01) at the shoulders and .58 cm wider (P < .01) at the hips than Red Poll-sired calves. In previous experiments, calves sired by bulls of larger mature size have tended to be larger at birth than calves sired by bulls of smaller size (Smith et al., 1976; Gregory et al., 1978) . Males were larger (P < .01) at birth than females. Least squares means for birth weight, shoulder width and hip width of males and females, respectively, were 34.9 kg, 18.9 cm and 16.3 cm vs 31.9 kg, 18.1 cm and 16.0 cm. A curvilinear relationship between calf size and age of dam was observed.
Breed-type least squares means for birth characters of first-generation cows are presented in Table 2 , whereas those for secondgeneration cows are presented in Table 3 . Among fu'st-and second-generation straightbred dams, Holstein produced the largest calves at birth, and Brahman produced the smallest calves. McElhenney et al. (1986) examined the first three terminal-cross parities from the same project as the present study and observed calves out of Holstein to be largest, whereas those out of Jersey were smallest.
Among crossbred dams, Holstein crosses tended to produce the largest calves at birth. Hereford-Holstein and Brahman-Holstein cows produced the heaviest calves among first-and second-generation dams, respectively. Calves born to Brahman-Jersey dams were the lightest. F 1 Maternal Heterosis. Calves out of F 1 Angus-Hereford dams were 1.3 kg heavier (P < .05) at birth than the average of calves out of Angus and Hereford dams. Angus-Holstein and Hereford-Holstein cows also produced calves that were significantly larger at birth than the average of the parental types. Yet, average maternal heterosis estimates for birth characters were non-significant (Table 2) . McElhenney et al. (1986) observed significant maternal heterosis for birth weight but nonsignificant maternal heterosis estimates for shoulder width and hip width. The magnitude of the maternal heterosis estimates for birth characters reported by McElhenney et al. (1986) were larger than those observed in the present study. This decrease in maternal heterosis with older ages of dam is in agreement with previous reports (Cundiff et al., 1974; Spelbring et al., 1977) .
F 2 Maternal Heterosis. Calves out of F 2 Angus-Hereford dams were 2.0 kg heavier (P < .01) at birth and .31 cm wider (P < .05) at the hips than the average of calves out of second-generation Angus and Hereford dams (Table 3 ). These estimates of F2 maternal heterosis exceed the estimates of F 1 maternal heterosis. Significantly smaller birth weights were observed for calves of Brahman-Jersey compared to calves of Brahman and Jersey dams. Again, estimates of average F2 maternal heterosis for birth characters were non-significant (Table 3) . However, for birth weight, approximately 60% of the maternal heterosis was retained. This is quite close to the expected value of 50% of the F 1. These results suggest that maternal heterosis was small for these traits in this study and that recombination effects may not be important. Additive by additive epistatic effects on maternal heterosis were not significant for birth weight in the study of Koch et al. (1985) , but their magnitude was large relative to the heterotic effect.
Weaning Characters
Breed-type of dam was significant for weaning weight and height but not for survival to weaning. Survival to weaning was analyzed as a discrete variable and tests of significance may differ from the level stated (Harvey, 1982) . Cow within breed, sire breed, calf sex and year were significant for weaning weight and height and survival to weaning. Charolaissired calves were 14.8 kg heavier (P < .01) and 3.6 cm taller (P < .01) at weaning than Red Poll-sired calves but had a 5.6% lower (P < .01) survival rate. Heavier weaning weights have been reported generally for calves sired by bulls of larger mature size (Smith et al., aMatcraal heterosis for survival to significant. **P < .01.
weaning was not calculated because the F-test for breed-type of dam was non-1976; Alenda et al., 1980) . Higher mortality of calves sired by bulls of larger mature size in comparison to calves sired by bulls of small mature size also has been observed previously (Smith et al., 1986; Gregory et al., 1978) . Male calves were 17.9 kg heavier (P < .01) and 1.5 cm taller (P < .01) at weaning than females. Survival to weaning of female calves was 3.0% higher (P < .05) than that of male calves. Differences due to age of dam were detected (P < .01) for weaning weight and height; both characters tended to increase with age of dam. Breed-type least squares means for weaning characters of first-and second-generation cows are presented in Tables 4 and 5 , respectively. Because breed-type was not significant for survival to weaning, only breed means are presented; no contrasts of these means are included. Among straightbred dams, Holstein weaned the heaviest and tallest calves and Hereford weaned the lightest and shortest calves. During the inter se phase of this project (McElhenney et al., 1985) , Jersey weaned the smallest calves. Ranking based on calf weaning weight (a weighted average of Tables 4  and 5 ) is almost identical to that for estimated total milk yield (Sacco et al., 1987) of these breed-types under confinement conditions. Intake capacity of the terminal cross calves out of Jersey dams probably was not so limited as that of the inter se calves. This change in rank from inter se to terminal phase demonstrates the importance of direct and maternal effects for weaning weight.
Among crossbred cows, F 1 and F 2 Holstein crosses tended to wean the largest calves. The heaviest and tallest calves at weaning were produced by F1 and F2 Brahman-Holstein cows. First-and second-generation AngusHereford dams weaned the smallest calves. McElhermey et al. (1986) reported similar results for the early terminal-cross parturitions of first-generation cows.
F1 Maternal Heterosis. Specific maternal heterosis estimates for weaning weight and height were positive and generally were significant. Maternal heterosis estimates for weaning weight ranged from 7.0 kg to 27.7 kg (P < .01) for Holstein-Jersey and BrahmanHolstein, respectively. Maternal heterosis estimates for weaning height ranged from .57 cm for Angus-Hereford to 2.70 cm (P < .01) for Brahman-Hereford. Average maternal heterosis estimates were 17.4 kg (P < .01) and 1.70 cm (P < .01) for weaning weight and height, respectively (Table 4) . McElhenney et al. (1986) reported similar average maternal heterosis estimates of 14.5 kg (P < .01) and 1.6 cm aMatemal heterosis for survival to weaning was not calculated because the F-test for breed-type of dam was nonsignificant (P < .01) for weaning weight and height, respectively, for the first three terminal-cross parities from the same project as the present study. Similar average maternal heterosis estimates for older cows are not consistent with reports of a decline in maternal heterosis with increasing age of dam (Cundiff et al., 1974; Spelbring et al., 1977) .
F 2 Maternal Heterosis. In contrast, estimates of F2 maternal heterosis for weaning weight and height were generally negligible for the crosses in this study. Average estimates of F2 maternal heterosis were -.8 kg and .18 cm for weaning weight and height, respectively (Table 5 ). This represents a substantial loss in maternal heterosis, suggesting that epistatic recombination effects may be important, or that there is a maternal heterosis x age interaction. Koch et al. (1985) reported a large positive, but non-significant, additive by additive epistatic effect on maternal heterosis for preweaning gain. However, these authors reported a small positive additive by additive epistatic effect on maternal heterosis for weaning weight.
Conclusions
Breed differences and maternal heterosis should be considered important when designing crossbreeding systems for beef cattle. However, the magnitude of the maternal heterosis estimates observed in this study may have been influenced by the genotype of the calf. Due to missing cells, the interaction of sire breed by dam was not examined. In an earlier study from this same project, McElhenney et al. (1986) observed the sire breed by dam breed interaction to be non-significant.
Interpreting the results of maternal heterosis retained in F 2 dams in comparison to maternal heterosis observed in F1 dams requires some degree of caution. Second-generation dams had produced fewer calves than first-generation dams when this project was terminated. If maternal heterosis exhibited by F2 dams could be predicted to increase with age of dam, as it did for F1 dams in the present study compared to the study of McElhenney et al. (1986) , loss of maternal heterosis would be less than observed. However, if maternal heterosis is predicted to decrease with age of dam, as suggested by Cundiff et al. (1974) and Spelbring et al. (1977) , loss of maternal heterosis would be greater than observed. Additional research should be conducted to examine F1 and F2 maternal heterosis in beef cattle and the importance of epistatic effects on maternal heterosis.
